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(54) Zirconia induction furnace having magnesia Insulation for drawing glass optical fibers 



(57) Disclosed is an apparatus for heating glass rod, 
in particular an apparatus comprising an induction fur- 
nace for drawing glass optical fibers from a preform. The 
induction furnace comprises an inner zirconia susceptor 
tube (12) surrounded by a radially -spaced annular insu- 
lating region magnesia refractory grog (13), i.e. grain, 
within a silica beaker (11 ), i.e. containment vessel. While 
the magnesia grog has a melting point similar to that of 
commonly used zirconia grog, and thus can also be 
used up to temperatures of ca. 2300°C, the electrical 
conductivity of magnesia is substantially lower, enabling 



it to withstand higher RF power from the induction coil. 
Moreover magnesia is more soluble than zirconia in sil- 
ica, reducing the likelihood of particulate contamination 
of the silica-based glass fiber compared with that which 
occurs when using the standard zirconia grog insulation 
of the prior art. The magnesia grog (1 3) may be radially 
confined by an inner magnesia tube (14), spaced from 
the susceptor tube (12), and by an optional outer layer 
of aluminosilicate insulation (17) within the silica beaker 
(12) and may further comprise refractory felt discs (19) 
for upper and lower confinement. 



00 
CM 

CO 

o 

Ql 
LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP 0743289A1J_> 



1 



EP 0 743 289 A1 



2 



Description 

Field of the Invention 

This invention relates to apparatus for drawing op- 5 
tical fiber from a glass preform and, in particular, to fiber 
drawing apparatus using an improved induction heating 
furnace. 

Background of the Invention 10 

The development of low loss* fused silica optical fib- 
er has led to the investigation of high temperature (e.g., 
approximately 2000°C.) heat sources for drawing high 
strength fiber from a glass preform. Of the possible heat is 
sources, oxyhydrogen torches, C0 2 lasers, induction 
furnaces and resistance furnaces have been commonly 
employed for drawing high silica fibers. The torch meth- 
od, while inexpensive, cannot maintain a uniform diam- 
eter over long lengths of fiber. The C0 2 laser provides 20 
the cleanest drawing atmosphere, but the laser requires 
special optical designs to radially distribute the energy 
for drawing and is limited in power. Induction furnaces 
are among the most useful high temperature sources. 

An induction furnace for drawing silica fibers is de- 25 
scribed in R. B. Runk "A Zirconia Induction Furnace for 
Drawing Precision Silica Waveguides", Optical Fiber 
Transmission II Technical Digest (TuB5-1) (Feb. 22-24, 
1 977). Typically, a fiber induction furnace uses a tubular 
zirconia susceptor disposed within a radio frequency 30 
coil ("RF Coil"). After the zirconia susceptor is heated to 
a desired temperature of approximately 21 00°C, a glass 
preform rod is introduced into the middle of the suscep- 
tor, known as the hot zone. A portion of the preform is 
ref lowed, and optical fiber is drawn from the ref lowed 3$ 
portion. 

Conventional zirconia fiber draw furnaces comprise 
an outer cylindrical beaker of fused quartz, an inner tube 
of zirconia and an insulating region therebetween filled 
with zirconia granules. A radial pyrometer sight tube is 40 
provided through the furnace to permit examination of 
an axial region of the susceptor. 

Although these conventional furnaces have pro- 
duced fibers for many years, there have been a number 
of problems. From time to time zirconia particles from 45 
the insulating region contaminate the fiber and cause 
failures. Also the pyrometer site tube, which passes 
through the zirconia insulating granules, has a tendency 
to sag with time, causing erroneous temperature read- 
ings and premature furnace failure. so 

Recent trends toward the use of larger preforms, 
increasing draw speeds and higher furnace tempera- 
tures reveal further weaknesses in the conventional fur- 
nace design. There have been a number of incidents in 
which the zirconia insulating grain sinters together and 55 
melts to form a donut shaped mass completely sur- 
rounding the hottest part of the zirconia tube. Once the 
zirconia granules begin to melt, the RF field couples into 



the melted mass causing further sintering and melting. 
This phenomenon increases the power load on the sys- 
tem and eventually causes furnace failure. Accordingly, 
there is a need for a new furnace design with enhanced 
stability at high temperature operation. 

Summary of the Invention 

In accordance with the present invention, fiber 
drawing apparatus is provided with an improved fiber 
draw furnace wherein an inner zirconia tube is surround- 
ed by a radially-spaced annular insulating region of 
magnesia within a silica beaker. While the magnesia has 
a melting point approximately the same as zirconia, the 
electrical conductivity of magnesia is substantially low- 
er, enabling it to withstand higher RF power. Moreover 
magnesia is more soluble than zirconia in silica, reduc- 
ing the likelihood of particulate contamination of the fib- 
er. 

Brief Description of the Drawing 

In the drawings: 

FIG. 1 is a cross-sectional view of the core of an 
induction furnace; 

FIG. 2 is a vertical section of an induction furnace 
employing the core of FIG. 1 ; and 
FIG. 3 is a schematic view of a fiber drawing appa- 
ratus using the induction furnace of FIG. 2. 

Detailed Description 

Referring to the drawings, FIG. 1, is a cross-sec- 
tional view of the core 10 of a furnace comprising an 
outer silica beaker 11 , an inner zirconia susceptor tube 
12 and, disposed between the beaker and the tube, an 
insulating layer 13 of magnesia (MgO) refractory grog 
("grain"). The magnesia grog can be advantageously 
bounded by a dense magnesia tube 1 4 for holding the 
grog in place. A site tube 9 is advantageously provided 
to permit optical access to the center of the core. 

The beaker 11 is preferably an open-top silica ves- 
sel having a sidewall and a bottom surface 15 with a 
central aperture 16. The sidewall, which is preferably 
flame-sealed to the bottom surface, is advantageously 
insulated with a layer 17 of aluminosilicate insulation. 

The zirconia susceptor tube 12 is disposed radially 
within the insulating layer 1 3 and is preferably located 
centrally within the beaker 11. The susceptor is prefer- 
ably spaced from the magnesia insulator (e.g. tube 14) 
in order to avoid unwanted chemical reactions at high 
temperature. The interior surface 18 of the susceptor 
provides the furnace bore. 

It is advantageous to provide annular, refractory felt 
discs 19 at the top and bottom of the silica beaker to 
prevent the movement of particles of refractory grain in- 
to the interior of the susceptor 12 where the particles 
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could contaminate the preform or fiber. Suitable refrac- 
tory felt discs are described in United States Patent No. 
4,547,644 issued to Bair et al on October 1 5, 1 985 which 
is incorporated herein by reference. 

In a typical embodiment the silica beaker is a cylin- 
drical beaker 6 inches in diameter, and 12 inches in 
length. The zirconia susceptor tube 1 2 is yttriastabilized 
zirconia manufactured by Stanelco Products Limited. 
The susceptor can be a cylindrical tube approximately 
3 inches in diameter and is preferably slightly longer 
than the beaker. The insulating magnesia grog 13 is 
Mag Chem P-98 Magnesia manufactured by Martin-Ma- 
rietta Magnesia Specialties, Inc., and the dense magne- 
sia tube 1 4 is a 3 mm thick tube of high density magnesia 
manufactured by Ozark Technical Ceramics, Inc. 

FIG. 2 shows an induction furnace 20 employing the 
core of FIG. 1 . The furnace 20 comprises the silica beak- 
er 11 (and its contents) disposed within an RF induction 
coil 21 . Both the beaker and the coil are surrounded by 
a metal housing 22 such as a cylindrical copper shell. 
The housing acts as a shield to reduce stray radio-fre- 
quency radiation from the coil 21 and preferably in- 
cludes a coolant coil 23 for circulation of a coolant such 
as water. In typical practice, a 4-8 turn induction coil and 
a 3-5 MHz radio-frequency power supply are efficient 
for coupling the susceptor. 

The advantages of this fiber draw furnace are man- 
ifold. The magnesia has substantially lower electrical 
conductivity than zirconia, permitting magnesia to with- 
stand the use of higher RF power. Moreover, magnesia 
is more soluble than zirconia in silica, reducing the like- 
lihood of particulate contamination of the fiber. In addi- 
tion, a magnesia tube used to separate the magnesia 
insulating grain from the zirconia susceptor provides a 
suitable inner support for the pyrometer site tube. Fur- 
ther, the lower weight and cost of this design over the 
previous one provides distinct advantages as furnaces 
become larger to accommodate state of the art pre- 
forms. Since magnesium oxide has approximately one- 
half the bulk density of zirconium dioxide, the furnace is 
considerably lighter and easier to handle in the manu- 
facturing environment. Also, because magnesium oxide 
grain is manufactured in large quantity for use in chem- 
ical processes and refractories, it is substantially less 
expensive than the specially prepared zirconia present- 
ly used. Additionally, the design of this furnace allows 
the removal and replacement of the zirconia susceptor 
without moving the silica beaker from the draw.tower - 
a considerable time saving in a manufacturing environ- 
ment 

FIG. 3 schematically illustrates fiber drawing appa- 
ratus using the improved furnace of FIGS. 1 and 2. In 
essence the furnace 20 is mounted for receiving a glass 
preform 30 from a conventional preform feed mecha- 
nism 31 . The preform is fed into the furnace bore, and 
an optical fiber 32 is drawn from the heated end of the 
preform. The drawn fiber, in turn, is moved through a 
diameter monitor 33, and a cooling region 34. The par- 



tially cooled fiber passes through a coating applicator 
35 wherein it is provided with a protective polymeric 
coating. The coating is monitored for concentricity by 
monitor 36, and the coated fiber is cu red in cu ring station 
5 37, checked for cured diameter at monitor 38 and pass- 
es through a capstan 39 to a take-up reel (not shown). 
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Claims 

1. A furnace for heating a glass rod comprising: 

a zirconia susceptor tube having an interior re- 
gion for receiving said glass rod; 
a cylindrical silica beaker circumscribing said 
zirconia susceptor; and 

between said susceptor and said beaker an in- 
sulating region comprising magnesia grog. 

2. A furnace according to claim 1 further comprising a 
magnesia tube disposed between said magnesia 
grog and said susceptor for holding said grog in 
place. 

3. A furnace according to claim 2 wherein said mag- 
nesia tube is spaced from said susceptor. 

4. A furnace according to claim 1 further comprising a 
layer of aluminosilicate insulator disposed between 
said beaker and said magnesia grog. 

5. A furnace according to claim 1 further comprising 
an RF induction coil for heating said furnace. 



35 6. 



A furnace according to claim 5 further comprising a 
metal shell substantially surrounding said RF induc- 
tion coil for reducing radiation from said coil away 
from said furnace. 



40 7. Apparatus for drawing glass fiber comprising: 



a preform feed mechanism for feeding a glass 
preform into a furnace; 

apparatus for drawing optical fiber from said 
preform; and 

a furnace having a furnace bore for receiving 
said preform and heating at least a portion of 
the preform to reflow temperature; said furnace 
comprising a zirconia susceptor tube, a cylin- 
drical silica beaker circumscribing said suscep- 
tor, and between said susceptor and said beak- 
er, an insulating region comprising magnesia. 
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